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ECRENFELDER INC,

July 10, 1989

Mr. Eugene A, Miller
Environmental Project Manager
Lord Corporation

2000 West Grandview Boulevard
Erie, PA 16514

Dear Gene:

Enclosed is our report entitled "Shope's Landfill Remedial Investigation
Report Biological Investigation". This report supplements the baseline report
submitted in August 1987, However, the enclosure includes new information
developed as the result of sampling in May 1989 and represents a different
season of the year. Concerns raised by USEPA and PDER in reviewing the
earlier report have been addressed.

Sincerely,

ECKENFELDER INC, (formerly AWARE Incorporated)

Billy G, Isom
Director
Aquatic Toxicology and Ecology
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INTRODUCTION

An initial investigation of the Shope's Landfill site, Erie County,
Pennsylvania, was conducted September 16 and 17, 1986 to amsess any impacts of
the landfill on the benthic fauna of the receiving streams. The results of
that investigation were presented in the Phase I Rl for the site,
Pennsylvania DER and USEPA have requested additional information regarding the
site biota. In 1989, the terrain in the {mmediate area was also surveyed to
determine the presence of wetlands habitat, Contact was made with the
Commonwealth of Pennsylvania to determine the likelihood of endangered fish
species occurring in the vicinity, The present study was conducted the week
of May 8, 1989, The study was to provide additional information requested by
pennsylvania DER following the initial study.

The Shope's site is located ip Erie County, Girard Township, Pennsylvania, on
an eight acre tract due west of Pleper Road and south of U.S. Highway 20
(Figure 1), In the immediate vicinity of the landfill the area to the north,
west, and southwest {s secondary~growth deciduous forest, The area bordering
the forested area is open fields, To the east and southeast of the landfill
there are apple orchards and grape vineyards, A tributary to the southeast of
the site flows west to northwest to north around the site, Another tributary
originates just due north of the site as & wet weather spring and flows
northwest away from the site for about one~half mile and merges with the
larger unnamed tributary. This stream evaentually flows into Elk Creek.

SAMPLING LOCATIONS

A map showing the study area and locations used for benthos collections in
relation to Shope's Landfill is presented in Figure 1. The sampling stations

were located in the following areas:

BMl - Unnamed tributary approximately 100 yd upstream of a pond
(lat. 41°58'53": long. 80°21'00"), this station is downstream of

the landfill, - AR30I 199
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BM2 - Discharge from pond just upstream of confluence with tributary to
Elk Creek (lat. 41°59'02", long. 80°21'14"),

BM3 - Unnamed tributary to Elk Creek approximately 1.5 miles upstream of
intersection with U.S. Highway 20 (lat, 41°58'30";
long. 80°21'22"), this is a control station,

BM3A~ Unnamed tributary about 200 yards west of BM-3, this is also a
control station added in May 1989,

BM4 ~ Unnamed tributary to Elk Creek approximately 0.6 miles upstream of
intersection with U.S. Highway 20 just upstream of confluence with
pond discharge (lat., 41°59'02"; long, 80°21'18"), and any potential
influence from the landfill,

BM5 - tributary to Elk Creek about 0.4 miles upstream of intersection
with U,S, Highway 20 just downstream of confluence with pond
discharge (lat, 41°59'06", long. 80°21'13"), and downstream from
the landfill,

BM6 ~ tributary to Elk Creek just above intersection with U.S, Highway 20
(lat, 41°59'23"; long. 80°21'10") and fartherest downstream from

the landfill,

BM7 - Seep approximately 100 ft south of pond (lat., -41°58'57",
long. 80°21'14"),

R0 16!
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STATION DESCRIPTIONS

Station BM) (see Figure 1) ~ This station is located on a wet weather stream
which drains part of the Shope's Landfill terrain and the adjacent golf course,
The station is about 100 to 150 yd upstream of confluence with a pond, It was
not stated in the 1986 description, but this stream appears to have been dug
or modified in the past to receive drainage tile effluent from the golf course
to the east and the fields to the west (see photographs of Station BMI),

The stream at this site was 2 ft wide and the water depth was 1 to 5 in. The
tile field was actively flowing into the stream at the time of the study. It
had been snowing and raining the previous few days and the soil waas saturated.
This stream is thought to flow intermittently, with little or no flow during

summer months.

The station was accessed from the landfill road and then across an open field,
There is a narrow vegetated band containing rose bushes, willows and weeds on
both sides of the stream, up and downstream. The vegetated field to the west
had been "bush-hogged", probably last fall, The golf course fairway comes

almost up to the stream on the east,

Station BM2 (see Figure 1) - This station was used in 1986 but was dropped
from the present survey, in agreement with Pennsyivania DER. This station was

not comparable to other stations since it was located in the pond discharge on

the golf course,

Station BM3 (see Figure 1) ~ This station along with BM3A, is to the southwest
of the landfill.,  Station BM3 is located in a bushy, wooded area (see
'photographs of Station BM3)., The station is about 1,000 ft upstream from
surface water Station SW-2. Woods are located to the west and south of the
station, There are open fields to the east and north of the station. Unlike
B¥1 this station appeared to be natural and not modified by man, The stream
bed was 3 to 6 ft wide and very shallow; with a water depth of less than 6 in.

AR301 162
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Station BM3A ~ (see Figure 1) This statfon was added in the field, It is on a
tributary just to the west of BM3. This station appears to be totally
separated from any potential site runoff. Substrate at the statlon was quite

stable although the stresm probably was modified sometime in the past. There
are fields to the west and north and woods to the east toward M3, which s
betwean BM3A and the site. This statlon has not been affected by erosion

sediments from recent farming as some other stations have experienced.

Station BM4 {see Figure 1) ~ This station is on the unnamed tributary to ElK
Creek (see photographs of Station BM4), The station is upstream of the BMl
tributary confluence with the pond overflow and about 100 yd east of Well 29.
The stream was about 4 ft wide, the water depth less than 10 in,, mostly 5 to
6 in. deep, The stream bank was dominated by willows, wild rose bushes, and
briars, It was quite evident that this stream portion had been modified
within the last 50 yr or less to receive flow from tiles which drain adjoining
fields, This {s actually a central drainage ditch., Drain tiles can be seen

at numerous locations along the stream ditch.

Station BM5 (see Figure 1) -~ This station is located in the unnamed tributary
to Elk Creek just downstream of its confluence with the station BMl stream and
downstream of the pond. In 1986 the stream banks at this station were heavily
vegaetated, The banks are now totally clean and the stream bed appears to have
been impacted by machinery activity (see photographs of Station BM5, note
brush pile in background). The golf course fairway now passes almost over
this station., There is no native vegetation influencing the stream at this
location, There appeared to be increased sedimentation in the stream bed,
probably due to dredging in the upstream pond area and farming activity.

Station BM6 (see Figure 1) - This station was on the unnamed tributary just
upstream from U.S, Highway 20, The highway department had recently been in
the stream with equipment to clean trees and underbrush from ‘the bridge and
highway right-of-way (see photographs of Station BM6, note debris that had
been removed). The station was sampled just upstream of this influence. The
straam was about 6 ft wide, Although the water was clear, the stream bottom
was very silty on the sides, The center of the stream had been scoured,

leaving a hard clay bottom, RAR301 195
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Station BM? (see Figure 1) ~ This station was sampled in 1980 but was not
sampled during this period as agreed on with Pennsylvania DER. This station

was in a seep and was not comparable with other stations,

BACKGROUND

Macroinvertebrates or bottom fauna of streams have been used to aGsess
productivity (standing crop) and stress in streams for over 50 yr in the
United States. Standard methods for the use of macroinvertebrates to assess
conditions of streams and other water bodies have been developed by USEPA
(Weber, 1973), American Society for Testing and Materials (1988), and are
included in "Standard Methods for the Examination of Water and Wastewater”
(1985). In addition, the scientific literature is replete with benthic
biological studies. The North American Benthological Society was formed in
the early 1950's .and is dedicated to the study and use of macroinvertebrates

for assessing pollution of fresh and marine waters,

The alteration of the physical or chemical norms of an aquatic environment has
the potential to influence nearly all organisms residing there (CGoodnight
1973)., A community represented by numerous species, with no particular
numerical domination evident in the population, s usually indicative of an
unstressed environment (Weber 1973). Conversely, a benthic community composed
of a few species with large numbers of individuals typifies a stressed
community from which intolerant species have been reduced or eliminated by a
pollutant or substrate change. The populations of tolerant species expand due
to reduced competition or increased resources, or both. The often dramatic
benthic community shifts which can occur in stressed ecosystems are due to the
varying sensitivities of the different macroinvertebrate species, Mayflies
(Ephemeroptera), stoneflies (Plecoptera), and caddisflies (Trichoptera), which
spend most of their lives in an aquatic environment, are generally not
tolerant of most types of pollution, whereas many flies (Diptera) and worms
(Oligochaeta) are mest tolerant of environmental stress conditions
(Brinkhurst 1962, Beck 1977, Mason 1971, and Merritt and Cummins 1984),
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Stream reaches may be divided into several ecological categories depending
upon whether or not they are subject to stressful agents and, if they are, to
what extent or type, Stream reaches can usually be divided on the basis of
the benthie fauna that {s supported in that reach, Clean water streams with
variable habitat features often have a high diversity of species with each
species represented by a few individuals, Streams receiving organic pollution
generally show a decrease in diversity and an increase in numbers of a few
species (Caufin and Tarzwell 1956), while streams recelving toxic products
frequently show a decrease in both diversity and numbers (Cairns et al. 1971).

Increased sedimentation in streams is a problem most often the result of poor
agriculture practices and construction activity in the vicinity of slreams.
The effects of increased sedimentation are varied, but the primary effect {is
habitat loss caused by the filling of cracks and crevices with sand and silt

and a general decrease in habitat diversity.

Attention is usually focused on the macroinvertebrate species because they are
more indicative of the relative heaith of a stream. In addition,
macroinvertebrates are found in all habitats, are less mobile than some other
groups of aquatic organisms such as fish, are easily collected, and most have
relatively long periods of development in the aquatic environment. Thus,
macroinvertebrate species can be used to indicate deleterious events that have

oceurred in an aquatic system over a period of time.
MATERTALS AND METHODS
Benthos

At each station three replicate quantitative samples were taken in a riffle
area of the stream using a modified Surber Sampler which has a 270 micron mesh
net and samples an area of 0,1 sq meter, Qualitative samples were also taken
with a sweep net at each statfon. For the quantitative samples (Surber
samples) the substrate was agitated to a depth of 6 in., where posgible, and
care taken to remove all organisms. The samples were trnnsferAB éﬁlllsziq
containers and preserved in the field with 10 percent formalin,
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in the laboratory all benthic samples were washed in a 270 micron mesh sereen.
After washing, the macroinvertebrates were removed from the detritus and
preserved in 85 percent ethanol. The organisms were identified to the lowest
practical taxonomic level using available keys and counted (see Taxonomic
References). Ildentifications were made with a stereomieroscope (7X to 60X).
Slide mounts were made of the chironomids, simulids, oligochaetes and small
crustaceans, and identifications were made with a compound microscope. The
chironomids, simulids, and oligochaetes were cleared for 24 hrs in cold
10 percent KOH, Temporary mounts were made in glycerine and the animals
returned to BO percent ethanol after identification, When permanent mounts
were desired, the organisms were transferred to 95 percent ethanol for

30 minutes and mounted in euperel.
Substrate Determination

A classification of substrate based on the size scale proposed by Wentworth
(Compton 1962) was used to make field observations of the substrate present at
each station in 1986. Therefore, sediments were not reclassified in 1989,
The substrate was predominately silt and organic debris, such as leaves and
twigs for example. Classification of detrital sediments is by grain diameter

and is as follows:

Approximate Inch Name of Loose

Diameters Equivalents Aggregate

>256 mm >10 inch Boulder
64 to 256 mm 2.5 to 10 inch Cobble
2 to 64 mm 0.8 to 2,5 inch Gravel
1/16 to 2 mm 0.002 to 0.8 inch Sand
1/256 to 1/16 mm 0.00015 to 0,002 inch Silt
<1/256 mm <0.00015 inch Clay

AR30117)
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Comnunity Structure Messures

Brower and Zar (1984) provide a detailed discussion of a variety of techniques
for measuring community structure 1néluding diversity indices, The use of
diversity indices is based upon the observation that normally undisturbed
environments support communities with large numbers of species with no species
present in overwhelming sbundances. If the species of a disturbed community
are ranked by numerical abundance, there will be relatively few species, but
large numbers of individuals in these species, Mean diversity is affected by
both "richness" of species (or abundance of different species) and by the
distribution of individuals amang the species. High species diversity
indicates a highly complex community.

Species diversity was estimated using:

Shannon's Index of Diversity
W' = - L Py logPy

Margalef's Diversity Index
D= (s~1)/log N

Menhinick's Diversity Index

p.= s/vVN

Simpson's Dominance Index

SPI = L ng (ng ~ 1)
N(N-T)

Inverse Simpson's Dominance Index
d= 1 =N(®N-~1)
Sp1 Zng (ng ~ 1)

Brillouin Diversity Index
H = (log NI ~ L lognj!)/N

1R301 172
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where P{ is the proportion of the total number of individuals occurring in
species 4, N is the total number of individuals in all species, & is the
number of species, and n is the number of individuals in the ith species.

Diversity indices take into account both the species richness and the eveness
of the individual's distribution among the apecies. Separate measures of
these two components of diversity are often desirable,  Richness can be
expressed considering how close a set of observed species abundances is to
those from an aggregation of species having maximum possible diversity for a
given N and s (Brower and 2ar 1984).

Evenness is calculated using
Eg = Dg/Dpax and J = H/Hpax
Dpax = [(s~1/8) (N/N=1)]
Hpax = (logN{ ~ (s-r) log Cl ~ r log (C+1)/N

¥Where:

C = integer portion of N/s
r=(N/s)~C

Community similarity between sites is measured by the following:
Jaccard Coefficient ~ [
)+ 85 ~¢C
S = Species in each community
C = Species common to both communities

Sorensen Coefficient
Snm 2C

S5)+ 8

Percent Similarity, for a two~community comparison, is calculated as follows:

AR301173
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The pumber of individuals in each species is calculated as a portion of the
total community population. The value for species i in community 1 (X{) is
compared to the value for species i In community 2 (y{). The lower of the two
i{s tabulated, This procedure is followed for each species, The tabulated
1ist (of the lower of each pair of values) is summed, The sum is defined as
the percent similarity of the two communities,

Index of Dissimilarity
1) = Ry - y)?
13 = 4 (xg - y;)2
5

I3 ] [[3 - i\
[ /5
Xty
; » number of individuals in species i in community 1

= pumber of individuals in species i in community 2
= number of different species in both communities.

Morisita's Index
LRy

I e

(X1+1g) Ny By

1) = Simpson's Dominance Index for community I
19 = Simpson's Dominance Index for community 2

and
Horn Index of Community Overlap

Ro = Hy' = Ha'
Hy' ~ Hg'

R3O 174
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pefinitions of the terms in the equation for the Horn 1Index are given in

Appendix A,
Statistical Evaluation

Sampling efficiency of the field techniques was calculated via a statistical
analysis of the quantitative samples, The mean number of organisms per
sample, the standard deviation, the standard error, and the sampling precision
of the mean were calculated for the benthlc samples from each station (Elliot
1977). The sampling precision is the primary parameter evaluated and
represents the percentage of the actual mean of the population within which
the sample mean lies, and indicates how accurately the macroinvertebrate
community was sampled, According to Ellfott (1977), a sampling precision of
20 percent (80 percent confidence) or less is usually acceptable in biological
studies, The sampling precision (D) {s the ratio of the standard error to the

arithmetic mean times ]00:
D = (S,E./Mean) 100

Since three quantitative samples were taken in each area, some of the
population estimates may not be sampled with 80 percent or greater confidence.
As stated by Elliott (1977), the simplest solution to this problem is to take
many samples (over 50 samples), but this is not usually an acceptable

allocation of resources.

An analysis of variance (F test) was used to compare the stations using the
number of organiams and species per sample, According to Sokal and Rehlf
(1981), analysis of variance is a technique {n statistics where the total
variation in a set of data is partitioned into components associated with
possible sources of variability., The relative importance of the different
sources is then assessed by F~tests between each component of variation and
the "error" variation, If the calculated F-value is greater than the tabular
F~value at the 0.05 level of significance, then a difference between data sets
is greater than the var{ation within a data set, Following the approach of

AR301175




Chew (1977), mean separation tests were applied to separate and rank the mean

values of each data set developed from benthic enumerations.

Biotic Index

Both the evenness and diversity indices are based on information of community
structure and do not reflect any knowledge of the physiological attributes or
ecological affinitiea of the organisms comprising the community (Howmiller and
Scott 1977), Howmiller and Scott (1977) suggest the use of a trophic index
for assessing ecological stress using Oligochaete species, After 8 2 yr study
of 53 Wisconsin streams, Hilsenhoff (1982) proposed using a biotic index of
arthropod populations as a rapid method for evaluating water quality,
Hilsenhoff (1987) expanded and improved his biotic index. This index which is
a measure of organic and nutrient pollution, was used in this study.

To calculate the biotic index, species are assigned pollution tolerance values
of 0 to 10, A value of 0 {s assigned to species found only in unaltered
streams of very high water quality, and & value of 10 is assigned to species
known to occur in severely polluted or disturbed streams. Intermediate values
are assigned to species that occur in streams with intermediate degrees of
pollution or disturbance, Where species cannot be identified, genera are
assigned values instead, The biotic index is calculated from the formula:

B.1. = njai/N

where ni is the number of individuals of each speeles, a; is the tolerance
value assigned to that species, and N is the total number of individuals in
the sample (Hilsenhoff 1982), The index is an average of tolerance values,
and measures saprobity (pertaining to tolerance of organic enrichment) and to

some extent trophism,

ARS01 176
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According to Hilsenhoff (1987) the caleulated Biotic Index values reflect the
following:

Biotic Index Water Quality

—_— i

0.00 ~ 3,50 Excellent
3,51 ~ 4,50 Very Good

4,51 ~ 5,50 Good
5.51 ~ 6.50 Fair

6.51 ~ 7.50 Fairly Poor
7.51 ~ 8,50 Poor

8,51 ~ 10,00 Very Poor
RESULTS

A list of the macroinvertebrate species collected from all sites and the totllﬁ
number of individuals within each species or species group are shown in
Table 1, Also listed in Table | are the assigned pollution tolerance values
for each species which were used to calculate Hilsenhoff's Biotic Index.
Table 2 contains the actual number of organisms and species per individual
sample, These data were used for the statistical comparisons. A summary of
various population analyses including diversity, evenness, and biotic indicies
is presented in Table 3. A presentation of the statistical comparison of the
stations and analyses of sampling efficiency using mean number of organisms is
shown in Table 4 while the same information based on mean number of species is
presented in Table 5. Table 6 contains a statistical comparison of both the
May 1989 and September 1986 data using mean number of organisms while Table 7
presents the same information based on mean number of species, Comparisons of
the stations based on the May 1989 data wusing a variety of community
comparison techniques are shown in Table B8, Table 9 also contains community

comparisons of each station between periods, The results are discussed below,
AR301177
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DISCUSSION

Station BM)

A minimum of 27 species of benthic macroinvertebrates was collected and an
estimate of 284 individuals per 0.3m% was determined for Station BMl (Table 1),
The numbers of species and individuals were less during this period as
compared to September 1986 (35 species and 1580/0,3m2), The dominant species
occurring at the situ in May 1989 were the small worms belonging to the family
Naididae, two midges Chaetocladium piger and Diamesa sp., and the fingarnail
clam Sphaerium cf. simile (Table 1),

The biotic index value of 4.74 is according to Hilsenhoff (1987) and is
representative of an aquatic community residing under "Good" water quality
conditions. The diversity values (Table 3) for Shannon Diversity base 2 and
evenness are indicative of a diverse community where no species truly
dominates the system, values which Weber (1973) considers representative of
upimpacted systems (to compare to previous studies use Shannon Diversity
base 2).

In May 1989, when using number of individuals, Station BM] was statistically
different from BM4 (Table 4), When using mean number of species (Table 5),
Station BM] contains statistically less species than Station BM5, In terms of
similarity (Table 8) Station BM! was more comparable with Station BM3, When
viewed through time, the community at Station BMl! in May 1989 was not very
similar to that observed in September 1986 (Table 9). The differences are
most probably a function of seasonal differences between periods. The same

observation was also made for all other stations,
Station BM3
During the May 1989 period, the tributary at station BM3 had a community

consisting of 34 species and 551 individuals per 0.3m% (Table 1),  The same
number of species was collected in May 1989 as in September 1986, The total

18301178
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number of individuals taken in May 1989 was less than the 1233 taken in
September 1986, The dominant species at this site was the stonefly
Amphinenura delosa. Other abundant species included the méyfly Ephmerella ef,
dorothea, and the midge Cladotanytarsus sp.

The community at Station BM3 is very diverse (Table 3). The values of
diversity and evenness are values expected from an aquatic system under little
or no measurable environmental stress (Weber 1973), The biotic index value
calculated for this site was 3.93 and is, according to Hilsenhoff (1987)
indicative of "Very Good" water quality., September 1986 survey data also
indicted good water quality.

Statistically (Tables 4 and 5), BM3 was comparable to all sites.  When
community comparisons are made using similarity tests, Station BM3 is more
comparable to Stations BM3A and BM5 (Table B), With the exception of Station
BM6, Statfon BM3 appears to have the most comparable community through time
(Table 9),

Station BM3A

Station BM3A also has numerous species and a diverse aquatic fauna with a
minimum of 40 species and 803 Individuals per 0.3m* of the natural substrate
area (Table 1), As with station BM3, Amphinemura delosa, Ephemerella cf.
dorothea, and Cladotanvtarsus sp. are dominant components in the

macroinvertebrate fauna, Another species of midge belonging to the Cricotopus
tremulus species group was also abundant at this location (Table 1).

In terms of diversity, data taken at Station BMIA produced one of the highest
values (Table 3), Conversely, the biotic index value calculated from the
individual tolerance values and numbers of species yielded a value indicative
of "Good" water quality (Hilsenhoff 1987). 1In terms of number of species and
individuals present BM3A is statistically similar to all other sites (Tables 4
and 5). When community structure is compared, Station BM3A is more comparable

to Station BM3 (Table 8),
AR301179
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Station BM4

Station BM4 in the May 1989 period had a community consisting of at least
38 apecias, the same number as taken in September 1986,  The number of
individuals per 0.3m% taken in May 1989 (1559) was less than half that found
in September 1986 (4125). The aquatic fauna at Station BM4 was dominated by
seven species of chironomid midges and riffie beetle larvae, Dubiraphia sp.,
which was a situation slightly different from September 1986 when caddisflies

were the dominant species.

As with the other sites the community at Station BM4 {s very diverse with a
good spread of individuals smong the species (Table 3), Because of the high
number of midge species which Hilsenhoff (1987) considers tolerant, the
calculated biotic index value (Table 3) was high and reflects "Fairly Poor"
water quality, a condition also found in the September 1986 survey, This
condition should be expected in a small stream draining areas of heavy
agricultural use, A situation exists where enrjichment is producing increases

in population numbers but not to the point where diversity is impacted,

Statistically, Station BM4 was significantly greater in number of individuals
present than Station BM1 in May 1989 (Table 4), while the number of species
was pot significantly different from any other site (Table 5). According to
data shown in Table 8, the community at BM4 is more comparable to Station BM6
and least comparable to BMl. A comparison of the May 1989 to September 1986
period (Table 9) indicates that for Station BM4 the two periods were not very
comparable.  Again this low degree of comparison is a function of two

different seasons and was generally observed at all stations.

Station BM5

The aquatic populations at Station BM5 during the May 1989 period consisted of
at least 40 species and numbers as high as 843 per 0.3m?, The same station
during the September 1986 period had 29 species and 1161 individuals per 0.3m?,
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The community in May 1989 was dominated by the throe midge species

Microtendipes sp., Cricotopus tremulus species group, and Cladotanytarsus sp,

As with the other sites the community at Station BMS {a very diverse (Table ),
The biotic index value of 5,94 calculated for this site is reflective of
"Fajr" water quality (Hilsenhoff 1987). Note 4in the photographs of
Station BM5 that removal of stream~side vegetation has destabllized the stream
bottom to some extent. The biotic index value for the September 1986 period
was also {ndicative of "Fair" water quality. During the May 1989 period
Station BM5 was comparable to all other sites when using mean number of
organisms (Table 4). When mean number of species was used for comparison
Stat{on BM5 was 6ignificantly greater than Station BMI (Table 5),  When
community structure was compared (Table 8), Station BM3 was more comparable to
stations BMJ and BM3A, and least comparable to Station BMI,

Station BM6

The aquatic community at Station BM6 in May 1989 consisted of & minimum of
26 species and 553 individuals per 0.3m% (Table 1), In comparison, the same
station in September 1986 had 40 species and 1135 individuals per 0.9m%, The
fauna at this site during the May 1989 period was dominated by the midges

Cladotanytarsus sp. and Microtendipes sp.

The diversity and evenness values for the community at Station BM6 are fairly
high, indicating a good spread of the individuals among the various species
(Table 3), The biotic index value for the Hay 1989 period at this location
indicates that the community is residing under "Fairly Poor" water quality
conditions (Hilsenhoff 1987), It is obvious from the photographs at
Station BM6 that activities in the stream have affected the habitat of this
station. The bjotic index value for the September 1986 period was reflective
of "Good" water quality, indicating that the community of the May 1989 period
was dominated by what Hilsenhoff (1987) considers more tolerant species,

In may 1989, Station BM6 was statistically comparable to all other sites when
number of species and organisms were used to separate the var:lmashsxgs( ' @!n
community similarity tests are used to compare the sites Station s more
compatable to Station BMA and least comparable to Station BM] (Table 8),
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According to data shown in Table 9, Station BM6 mppears to be the moat

comparable site between the two periods.

SUMMARY

In summary, during the May i989 period, a minimum of 7l species were collected
from all sites (Table 1), Stations BM3A and BM5 had the most species present
with 40 each,, while astations BM! (27) and BM6 (28) had the least. Highest
standing crop (as individuals per 0.3m?) was observed at Station BM4 (1559 per

0.5m2),

When Hilsenhoff's Biotic Index {Table 3) was used to assess the sites, the
locations with the most intolerant populations (clean water specles) were
gtations BM3 (3.93) and BMl (4.74), while stations BM6 (6.80) and BM4 (6.72)
had the most tolerant aquatic communities, Diversity and evenness values of
all locations were high indiecting that a fairly evan distribution of

individuals among the various species was present at all locations.

A statistical comparison of the May data using mean number of organisms
(Table 4) indicates that Station BM4 had a significantly greater number of
individuals than Station BM). A comparison using mean number of species
(Table 5) shows that Station BM5 had a significantly higher number of species
than Station BMI. A statisticel comparison of all sites for both periods
(Table 6) using mean number of organisms demonstrates that stations BM2 and
BM4 in September 1986 were significantly greater than all other stations when
using Duncan's Multiple Range test and Student-Newman-Keul's test, A
statistical comparison using mean number of species (Table 7) produced three
groupings with the most revealing differences being that Station BM4 in
September }9B6 had a greater number of species than stations BM) ‘and BM3 in
May 1989,

A comparison of the atations using commupity structure (Table B8) shows
stations most similar in species composition to be BM3, BM3A, and BM3. The
least similar sites in species composition are BM! and BM6, A comparison of
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the stations between periods (Table 9) indicates a vast difference in species
composition which is probably a function of seasona] differences since this

observation generally held for all astations.

WETLANDS

The three parameters that are used to define and delineate wetlands are
hydrophytic vagetation, hydric soils, and wetlanda hydrology (USEPA 1988),
Hydrophytic vegetation includes any macroscopic plant life growing in water or
on substrate that is at least periodically deficient of oxygen as a result of
excessive water content (USEPA 1988).  Hydric soils are soils that are
saturated, flooded or ponded, long enough during the growing season to develop
anaerobic conditions in the upper part (USEPA 1988). Wetland hydrology is the
sum total of wetness characteristics in areas that are inundated or have
saturated soils for a sufficient duration to support hydrophytic vegetation
(USEPA 1988).

As noted in describing the stat{ons sampled the unnamed tributary on which BMI
is located and the main unnamed tributary to Elk Creek north and west of the
Shope's site were undoubtedly altered by man in past decades, The tributaries
are really central ditches that are interceptors for tiles draining the soils
of the nearby fields and golf course., It is our judgment that probably the
golf course and the large plant nursery to the north and west of the site was
all hardwood swamp that has been cleared and drained in past times,
Currentiy, there is an area immediately to the southwest of the site that is
still a hardwood swampy ares and is so designated on the topographic map
(February 1989). However, this area is anticipated to be outside the range of
impact of further remediation,

The National Wetlands Inventory map for the Albion, Pennsylvania quadrangle
indicates that there are four palustrine open water areas north of the site on
the golf course, One area is a pond or gravel pit on the golf course property.
The other three areas are almost certainly presently or former water hazards

on the golf course., There are no wetlands in that area,
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Under the present system of ditches and tile fields there are no wetiands
north of the site, only the golf course and fields. All of the land in this
area {s either part of the golf course or fields, Under the revised
Chapter 105 (April 7, 1989) of the Department of Environmental Resources,
Commonwealth of Pennsylvania, Rules and Regulations Section 105.12, these
lands are exempt from wetlands permit requirements, "(iii) Existing field tile
drainage systems that were constructed prior to December 23, 1985 for
cropping, management or maintenance operation for crop production and have
been in such use for the past five years," and other stipulations are exempt.

ENDANGERED SPECIES

Contact was made with Mr, Roger KXenyon concerning the known distribution of
possible endangered fish species, Neither of the two species reported to
occur in this region are known to occur in the Elk Creek drainage basin,

Percina macrocephala (Longhead Darter) is not recorded from Western

Pennsylvania. Ammocrypta pellucida (Eastern Sand Darter) occurs in Lake Erie
and some sandy bottom streams which are direct tributaries to the Lake.

Fathead minnews were relatively numerous in the unpamed tributaries and two
small bluegill sunfish were noted at station BM6 near Highway 20, There was
no indication of any other fish being present in the streams and there is no

known fishery in the system.
CONCLUSIONS

Station BM! has an assemblage of aquatic organisms indicating good water
quality according to the Hilsenhoff biotic index, This station along with BM3
had the most intolerant species. However, this station is generally different
from other stations except the control Station BM3 with which it is most

comparable,
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Station BM5 is also comparable with BM3 and BM3A, the controls, Basically,
this means that in the future data from Stations BM]1 and BM5, which are both
downstream from the Shope's site, should be compared with the control stations
and not with each other, The control stations BM3 and BM3A have biota
indicating good water quality as does BM! the station immediately downstream
from the landfill. Stations BM5 and BM6 have been affected by recent
activities {n the stream and removal of vegetation along the banks at both
stations with resulting increase in sedimentation.

Specias and number of organisms collected in September 1986 and May 1989 were
significantly different due to the effects of season., This means that future

comparisons should be done only for the same season.

Overall the aquatic biota in the unnamed tributaries indicates that water
quality is fair to excellent with a good number of species and numbers of
organisms,  According to the Hilsenhoff index (1987) the following water
quality conditions were found:

Water Quality
Station Location Condition Comments

BMi Pownstream of Landfill Good Stream bottom stable
BM3 Control Very Good Stream bottom stable
BM3A Control Good Stream hottom stable

BM4 Above Potential Influence Fairly Poor Stream affected by
of landfill agricultural runoff

BMS 0.4 miles upstream of Fair Stream bank denuded
Righway 20

BM6 At Highway 20 Fairly Poor Station impacted by
local activities

In the process of collecting benthic samples numerous fathead minnows were
observed and released, This was the only fish species observed with the
exception of two small bluegills noted at station BM6, There is no fishery in
these streams and, therefore, no food pathway for chemical transport to humans

even if chemicals were present, ARSU ‘ ' 85 PR
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There are no presently recognized wetlands in the vicinity of the unnamed
tributary on which station BMl is located, There are some areas upstream of
the control station BM3 which include some hardwood swamp environment, This
area is not on the National Wetlands inventory., The area is above and outside

of any planned activities,
No endangered species are known to exist in or near the streams.

Land on the golf course North of the site, adjacent fields and the plant
nursery to the north and west of the site are drained by tiles which deposit
their flow in the unnamed stresms which are either of menmade origin or have

been drastically modified by man in historic times,

There is no evidence of any impacts to biota in either stream from former

activities at Shope's Landfill,
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TABIE |

AQUATIC MACROINVEERTEBRATE GPECIES COELECTED FROM SITES NEAR
SHOPE’S LANDFILL, MAY %4 198% (No,/0.3m"),

SPECIES TOLERANCE  BHI i LK B i Bib
VALUE

PLATYHELNINTHES
Turbellaria
Planariidae
Cura foreasnit ) 9 4 ] l 10

NEATODA 2 l

ARKELIDA
Hirudinea
Erpobdellidae
Placobdella papillifera 3 |

Dligochaeta
© Luabriculidae
Lunbritulus sp,
) Haididae
) Tubificidae

Lisnodrilus hoffesister]

ARTHROPODA
i firachnoidae
(} Hydrachnidae
Hydrachus sp, ? !

Crustacea
Aephiptds
Gaesaridae
] Ganearus tp, [}
Talitridae
Hyallela eatecs 8 2 4

Decapoda
Candaridas 10 2 2

10

(D

FL}

Insecta
Epheseroptera
Baetidae
pastie tricevdatus b !
Caenidas
Eaenie sp. 7 t 5 &
Epheacrellidae '
Epheserells cf, dorcthen | n 90

I 3
Leptophlediidae
Pnr:lgg:oghlem 5P, . | 2 17 ? 3 ﬂR 3p | l §7

w
13
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TABLE 1, (Cont.)

bt

Siphloneurisdee
aeletus Jineatus
Ddonata
feshnidae
Poyeris vinses
Calepterygidae
Calopteryx sp,

Plecoptera
Kienpuridae
faphinesura delosa
Perlidae
Jasperia sp,

Tricheptera
Hydrepsychidae
Cheustogevehe €pe
Hydrepsyche betteni-depravata £p, gp.
Sysphitepsyehe sp,
Syaphitepeyche of, sparna
Lisniephilidae
Hngphmav £
Feychuglyoha tubbzrealh

Colecpters

Elaidie
Dubiraphia sp,
Dubsraghis vitiata
firdieceryne g,
fiptsoseryoe oyalie
Stenelis 5,
Stenelaje cf, alrabilje

Hydrephilidee
ferosus sp,

Hegaloptera
Sialidae
Sialls sp,

Diptera
Ceratopogunidae :
Palpuayia/bezzia sp, gps g 1 !
Chironomides
Chaetocladiue piger apigp,
adedanytarsve sp, RT309‘ ‘ 84%
fonchapelepis 5p, n" a
Cricotopus picinctue ' [
Lricotepue tresulue sp, gp, ) 123 g

]
9
b
b
b
3
3
0
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TAALE 1., (Cont,)
]

ironoaus fulvue

Dianesa tp,
Njceptendipes sp,
Qrthociadivs sp,
Qrthoe)adius (Eunrthotlagive) sp.
Paragiadopetas undine
Parasstriocnenue Jundbechi
Paratendipes sp.
Polypedilun §1)incense
Bheocricotopus Toback)
hertanytarsus 5po
Tanytarsus sp,

Espididae

Muscidae

Peychodidas

fericona sp,

Psychoda sp.

Sinuliidee

Prosieuliue aixtus
Simuliue sp,

Tabanidae

ghryseps sp,

Tipulidae

fintotha &p,

Dicransts sp,

Hexatoma Sp,

Listephila gp,
Psevdolienophila sp,
Tipula sp,

Collesbtla

D DD DO IN -3 O O O h

NOLLUSCA
Bastropodz
. Physidae
" Physella sp,
Planorbidae
fielisoas sp,

Pelecypeda
Sphaeriidae
Sphaeriue cf, sinile 24 |

1o . 00 AR 30431 892
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TABLE 2

A SUMMARY OF THE ANALYSES OF THE MACROINVERTEBRATE SAMPLES AT
EACH STATION, TRIBUTARY TO ELK CREEK, ERIE COUNTY, PENNSYLVANIA

MAY 9, 1989
ANALYSES STATION
BH3A  BHA

Surber A
No. of Organiams
No. of Specles

Surber B
No. of Organisnms
No. of Species

Surber C

No. of Organisms
No. of Species

AR301190
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TABLE 3

POPULATION ANALYSES, TRIBUTARY TO ELK CREEKy ERIE  COUNTY,
PENNSYLVANIA, MAY 9, 1989

PARAMETER S1ATION

m i BH3A

Diversity
Nargalef Diversity 10298 12,039 13,486 11,568
Nenhinick Diversity 1602 LA4B L4292
Siapson Doainince 04 008 090 00
Simpson Diversity 0,886 0848 0910 0,890
Inverse Sinpsen Depinance 8768 6,561 110 9,081

Shannon Piversity (Bese 10) 1,089 1199 1,088
{Base £) am 2,782 2.4
{ase &) o hei? 3,980 3593

Brillouin Diversity (Base 10} 1.068% Last 1,088
{Base £) 23} B7h ihAb
{Base 2) 107 3,857 3.5

EVENNESS
ginpson Diversity 0,872 0,93
Inverse Siapsen Doninance 0,480 0264
Shannon Diversity 0,483 0. TH9
Briliouin Diversity 067 0.Thb

Biotic Index an
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TABLE 4
STATISTICAI, ANALYSES OF SAMPLING EFFICIENCY AND COMPARISON OF THE
STATIONS USING MEAN NUMBER OF ORGANISMS, TRIBUTARY 10 ELK CREEK,
ERIE COUNTY, PENNSYLVANIA, MAY 9, 1989

ANALYSES STATION

LK

Noo of Samples 3

tiean Ko, of Oroanises 193.0

Standard Deviation . 125,6
[x

Standard Error T8 1579

Precision of the Sarpling Mean ey 200 53.0%

Lelculated £ = 3,2

*huncan's Multiple Rangs
Neans Separation Test

bt

®Means separation test used include Duncan’s Multiple Range,
Student-Newman-Keuls, Student Maximum Modulus and Scheffe’s Test,
means with the same letter are not significantly different.
Difference was seen only with Duncan,s Multiple Range Test.
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TABLE &
STATISTICAL ANALYSES OF SAMPLING EFFJCIENCY AND COMPARISON OF THE
STATIONS USING MEAN NUMBER UF SPECIES, TRIBUTARY TO ELK CREEK
ERIE COUNTY, FENNSYLVANIA, MAY 7, 1989

ANALYSES STATION

o, of Sanples
fean Hb, of Species
Standard Deviation
Standard Ervor
Precision of the Saepling Mean
Calculated £ = 1,03

"uncan’s Multiple Range
Neans Separation Test

B
b

aMeans separation tests used include Duncan’s Multiple Range,
Student ~Newman~Keuls, Student Maximum Modulus and Scheffe’s Test,
means cwith the same letter are not significantly different,
Difference vas seen only with Duncan's Multiple Range Test,
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TABLE &

STATISTICAL CUMPARISONS® OF STATIONS FROM BOTH PERIODSD; USING
MEAN NUMBER OF URGANISMS, TRIBUTARY 70 ELK CREEK, ERIE COUNTY,

PENNSYLVANIA

DUNCAN'S MULTIPLE RANGE SH: SCHEFFE'S TEST
STATION STATION STATION STATION
54 84 84 S
52 58 g 5
il Sl 8 S
4l 14 4 L]
53 LE
85 )
5 ‘ 56
[ 5 [
134 1A
bt ]
1 n
[ M
AMeans separation tests used include puncan’s Multiple Range,
Student- Newmans-Keuls, Student Maximum Medulus and Scheffe’'s
Test, means with the same letter are not significantly different.

t)':‘: designates stations cellected in Septamber while M indicates
May samples.

R30I
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TABLE 7

(:> STATISTICAL COMPARISONS® OF STATIONS FROM BOTH PERIODSb, USING
MEAN NUMBER OF SPECIES, TRIBUTARY TO ELK CRERK, ERIE COUNTY,

PENNSYLVANIA
Duncan's Multiple Range Test

Grouping Station

84
sl
M3

s3

86

M4

55

S2

M6

M3

Ml
AMeans sepatation tests used included Duncan's Multiple Range,
Student-Newmans-Keul's, Student Maxipum Modulus and Scheffe's
Test, means with the same letter are not significantly different.
Difference was seen only with Duncan's Multiple Range Test.

bs designates stations collected in September while M indicates
samples taken in May.
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TABLE 8
COMMUNITY SIMILARITY VALUES, TRIBUTARY TO ELK CREEK, ERIE COUNTY,

PENNSYLVANIA, MAY 9, 1989

BN 1 BM3A  BMA

Jaccard Coefficient

BM1 . 0.288

BY¥3 0.542
BH3A
BM4
BM3

Sorensen Coefficient

BM1
BM3
BM3A
BM4
BM5

Percent Similarity
BM1 18,284 16,507 12,567 17.848

BM3 57,468 30,323 32,102
BM3A 49,335 51.099
BM4 . 40.196

BM5
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TARLE 8. (Cont.)

BM3 BMIA BH4

Dissimilarity Index ll
BM1 220,420 242,085 510,683 337,489 222,443

BM3 156,333 500,226 341,564 238,600

BM3A 434,378 314,522 227,064

BM4 502,828 443,229
BM5 229,465

Dissimilarity Index 12
BM1 32,858 33,571 70,819 47.728 32,797

BM3 22,565 69,369 49,301 35.568
BM3A 58,046 4).616 31.488
BM4 68,426 66.819
BM35 . 33.120

Dissimilarity Index 13

BM1
BM3
BH3A
BM4
BMS

Morisita Index

BM1 . . ' . 0.034
BM3 . . » 0.356

BM3A . ' 0.485
BM4 ’ 0.538
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TABLE 8. (Cont.)
BM3 BM3A BM4

0,341 0,341  0.289  0.304
0,753 0,431 0.489

0.598  0.646

0,493
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TARLE 9
COMMUNTTY SIMILARITY VALUES, SEPTEMBER 1986 T0 MAY
TRIBUTARY TO ELK CREEK, ERIE COUNTY, PENNSYLVANIA
BMI BM3 BM4 BM3 BM6

Jaccard Coefficient

BN
BM3
BM4
BMS
BM6

Sorensen Coefficient

BM1
BM3
BM4
BM5
BM6

Percent Similarity

BM1 10.864

BM3 23.598
BN4

BY5

BH6

Dissimilarity Index I,

BYI] 4714294

BM3 473,433

BM4 1810.740

BMS 607,620

BM6 ) 424,773

Dissimilarity

BM1

BM3 68.334

BM4 246.411

BMS 82.687

BM6 64,037

Dissimilarity Index I,

Bi1 : AR301199
BM4

1§ the' age \ulmd in ma Man'c da not. “~“ dab. . /
labcl, 4’.t u due to oulutanda-td color ox coudztzo?ﬁ‘if:°§:€:2::2f*

|




TABLE 9 (Cont.)
BM3 BM4

Morisita Index

BM1
BM3
BM4
BM5
BM6

Horn Index

BM1
BMJ
BM4
BM5
BM6
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